Several investigators have reported Hispanics to be at elevated risk for neural tube defects (anencephaly and spina bifida). Factors contributing to this risk have not been established. The authors conducted a case-control study of neural tube defects (NTDs) among births occurring in Harris County, Texas, from April 1, 1989, through December 31, 1991. Through the use of multiple ascertainment methods, 59 cases of anencephaJy and 32 cases of spina bifida were detected. Controls (n = 451) were sampled for the same time period from Harris County vital records. Regardless of how Hispanic ethnicity was classified, having a Hispanic parent was a risk factor for both anencephaly and spina bifida. The primary etiologic question was whether increased NTD risk in Hispanics is explained by maternal diabetes or by other factors (e.g., maternal birthplace, prenatal care, reproductive history, age, socioeconomic status). Mexico-bom Hispanics were no more likely than Texas-bom Hispanics to deliver a fetus or infant with an NTD. Having a Hispanic mother was a risk factor for anencephaly among infants bom to women with early prenatal care (odds ratio (OR) = 4.54, 95% confidence interval (Cl) 2.21-9.40) but not for those bom to latecomers. Earlier prenatal care seemed "protective" for non-Hispanics (OR = 0.18, 95% Cl 0.06-0.65) but not for Hispanics. After simultaneous adjustment for eight variables in multivariate analysis, having a Hispanic (versus non-Hispanic) mother remained a strong risk factor for both anencephaly (OR = 2.58,95% Cl 1.19-5.61) and spina bifida (OR = 3.71, 95% Cl 1.48-9.31). Any previous pregnancy termination/fetal loss was also associated with anencephaly in a final logistic regression model (OR = 2.48, 95% Cl 1.20-5.10), and having a teenage mother (aged <20 years) approached significance (OR = 2.21, 95% Cl 0.92-5.31). "Hispanic mother" was the only study variable significantly associated with spina bifida in multivariate analysis. Results for diabetes suggested no association with anencephaly (OR = 1.24, 95% Cl 0. 25-6.17). An increased risk of NTDs among Hispanics remained after controlling for other factors. For anencephaly, this risk might be partially explained by economic and cultural differences between Hispanics and non-Hispanics, and the effect of these factors on rates of prenatal diagnosis and elective pregnancy termination. Am J Epidemiol 1996;143:12-24.
the neural tube fails to close at the level of the brain or spinal cord, respectively (1, 2) .
Several studies have documented an elevated risk of NTDs among Hispanics (3) (4) (5) (6) (7) (8) (9) (10) (11) . Only four published studies have attempted to examine whether the risk among Hispanics is explained by confounders or other factors (including the sex of the fetus/infant, maternal birthplace, prenatal care patterns, maternal age and pregnancy/reproductive history, marital status, and socioeconomic status (SES)) (3, 6, 9, 11) . Each of these studies had limitations. The descriptive Texas study on anencephaly (3) presented prevalence figures for each ethnic group (including Hispanics), stratified by parity and sex of offspring. However, no other variables were examined in combination with Hispanic origin, and the data were derived only from vital records. Spina bifida was not included in the study. Two studies Hispanic Origin and Neural Tube Defects. II. Risk Factors 13 utilized an analytic design and attempted to evaluate Hispanic origin in multivariate analysis (6, 9) . However, those studies are now 15-20 years old, and few variables were analyzed (Hispanic ethnicity, SES, maternal age, and reproductive history). In the Los Angeles County study (6) , cases were ascertained only from vital records and certificates. In the Brooklyn study (9) , cases were ascertained only from medical records at area hospitals, and the Hispanics were largely of Puerto Rican descent.
To our knowledge, there have been no published studies in which maternal Hispanic origin and diabetes were considered. This is particularly important, because diabetes mellitus and Hispanic origin are each independent risk factors for NTDs, and diabetes is more prevalent in Hispanics than in other ethnic groups (12) (13) (14) (15) (16) .
Although some explanations have been suggested from these few studies, no one has adequately explained the increased risk among Hispanics. Furthermore, the Hispanic-NTD issue has not been specifically examined in a large, ethnically diverse urban area outside the East or West Coast. Therefore, a case-control study of NTDs was conducted in Houston/Harris County, Texas, to determine whether maternal diabetes and/or other factors account for this risk.
MATERIALS AND METHODS
Details on case ascertainment are given in a companion paper on NTD prevalence in Houston/Harris County (17) . Briefly, cases were first ascertained from computerized birth, fetal death, and infant death records. The study period was April 1, 1989 , through December 31, 1991 . To verify known cases and identify additional cases, we examined death certificates and searched for discharge diagnoses among live births, deaths, and fetal deaths occurring at all hospitals in and surrounding Harris County. Through the use of these methods, 59 cases of anencephaly and 32 cases of spina bifida were detected.
Maternal and other information on confirmed infant death cases was obtained by linking death records with birth records. Vital records data were used primarily to fill in missing information on cases from medical records (e.g., mother's educational level, father's birthplace). When different record systems (e.g., vital record vs. medical record) resulted in discrepant data for a particular record (e.g., number of prenatal visits), in most instances the information from the medical record was considered correct.
A total of 451 controls were randomly selected from the live birth tapes (two controls for each case coded (or miscoded) as an NTD on the live birth tapes in each of the 3 study years). As with cases ascertained from tapes, the first 3 months of 1989 were excluded from the sampling of controls. "Exposure" information for controls was obtained solely from the live birth tapes. It was not possible to confirm or add to the exposure information on controls using the corresponding medical records and certificates, as was done for cases.
Crude and stratified analyses, including the calculation of odds ratios and 95 percent confidence intervals, were carried out using Epi Info 5.01b (18) . Stata 3.0 was utilized for logistic (multivariate) regression and for crude analysis in which unadjusted and adjusted odds ratios with confidence intervals would be presented together (19, 20) .
In stratified analysis, statistical interaction between Hispanic origin and other study factors was assessed using Woolf s p value (18, 21) . This was done to discover any effect modification of Hispanic origin by other variables. Confounding was assessed by comparing crude (unadjusted) and adjusted odds ratios, using the Mantel-Haenszel summary odds ratio (22, 23) .
Variables were chosen for the multivariate model on the basis of the unadjusted results, the prevalence of the factor, and findings from other studies. Logistic regression was conducted first as an eight-term main effects model with all pertinent variables. Next, the variables thought to be of least importance were removed one by one (20) (21) (22) . The log-likelihood estimation technique was used to observe the effect of subtracting a variable from the model, and 95 percent confidence intervals were used to denote the statistical significance of a particular variable, adjusting for all others in the model. The effect of removing a particular variable was assessed, and final logistic regression results were presented as results from one full eight-variable model and one reduced four-variable model.
The main independent study variables were maternal Hispanic origin and maternal diabetes. Other study factors examined or controlled for included sex of offspring, mother's educational level, maternal age, reproductive history (previous live births, pregnancy terminations), month or trimester of first prenatal care, and marital status.
A "previous termination" was defined in this study as one or more previous pregnancies in which one of the following occurred: fetal loss, miscarriage, fetal death, induced abortion, therapeutic abortion, elective abortion, or pregnancy termination.
Several systems for classifying Hispanic ethnicity were examined. For either or both parents, Hispanic background could be ascertained using either a Spanish-surname algorithm, self-stated Hispanic origin (Mexico, Puerto Rico, Cuba, South America, other), and birthplace. For stratified and multivariate analysis, the mother's and father's Hispanic status was largely based on a Spanish-surname algorithm for Hispanic assignment (17) . Black Hispanics were considered African-American instead of Hispanic. NonHispanics consisted of non-Spanish-surnamed whites (Anglos), African-Americans, and "others."
RESULTS

Crude analysis
Strong associations were noted between Hispanic ethnicity and NTDs, regardless of how "Hispanic" was defined or classified. Shown in table 1 are unadjusted odds ratios obtained for anencephaly and spina bifida using different methods of "Hispanic" classification. All odds ratios were elevated, most of them statistically.
Hispanic risk did not appear to be altered by maternal birthplace. Hispanic mothers born in Mexico were no more likely than Hispanic mothers born in Texas to deliver offspring with either type of NTD (for anencephaly, odds ratio (OR) = 1.05, 95 percent confidence interval (CI) 0.40-2.81; for spina bifida, OR = 0.79, 95 percent CI 0.23-2.90) (figures 1 and 2).
Maternal diabetes did not explain risk among Hispanics in crude analysis of anencephaly (OR = 1.10) (figure 1). There were no cases of spina bifida among mothers with diabetes (figure 2).
Anencephaly was associated with female sex (OR = 2.17, 95 percent CI 1.19-3.99) (figure 1). However, there was no female preponderance for spina bifida (OR = 0.93, 95 percent CI 0.42-2.04) (figure 2).
Several factors were associated with anencephaly in crude analysis, but not with spina bifida: delivery in a public hospital, a low maternal educational level, late or no prenatal care, and a previous pregnancy loss or termination (figures 1 and 2). For spina bifida, the unadjusted odds ratio for four or more previous live births approached significance.
Stratified analysis
For anencephaly, statistical interaction was evident between Hispanic origin and each of two other variables: sex and prenatal care ( Hispanic ethnicity was associated with anencephaly, but only when prenatal care was received before 7 months' gestation (for early prenatal care, OR = 4.54, 95 percent CI 2.21-9.40; for late or no prenatal care, OR = 3.77/5.39 = 0.70, 95 percent CI 0.18-2.77) (tables 2 and 3). This interaction between Hispanic origin and prenatal care initiation was highly significant, as evidenced by a Woolf s p value of 0.008 (table 2) .
For two study variables, there was evidence of partial confounding. Inclusion of type of hospital (public vs. private) diminished the association between "Hispanic mother" and anencephaly in stratified analysis, from a crude odds ratio of 3.18 to an adjusted one of 2.28 (95 percent CI 1.22-4.25) (Mantel-Haenszel summary odds ratio). In contrast, inclusion of the hospital variable in spina bifida analysis increased the odds ratio for Hispanic mother, from 2.89 to 3.42 (see table 2 ).
A similar pattern was observed with another socioeconomic variable-mother's education-and Hispanic origin (table 2). The crude odds ratio for Hispanic mother and anencephaly was 3.36 (different from the crude odds ratio of 3.18 above because of missing data for maternal education). However, when data were stratified by maternal education, the MantelHaenszel summary odds ratio was reduced to 2.50 (95 percent CI 1.18-5.31). The opposite pattern emerged for spina bifida, in that the crude odds ratio for Hispanic mother was 2.60 and the Mantel-Haenszel summary odds ratio, controlling for maternal education, was 3.63 (95 percent CI 1.42-9.28).
Multivariate analysis
Odds ratios determined from both crude and multivariate analyses are presented in tables 4 and 5. The independent variables and their categorization are listed. After simultaneous adjustment for eight variables in multivariate analysis, odds ratios for Hispanic (vs. non-Hispanic) mother were elevated for both anencephaly (OR = 2.58, 95 percent CI 1.19-5.61; p < 0.017) (table 4) and spina bifida (OR = 3.71, 95 percent CI 1.48-9.31; p < 0.005) (table 5). A previous pregnancy termination was also associated with anencephaly in a final logistic model (OR = 2.48, 95 percent CI 1.20-5.10; p < 0.014), and the variable "teenage mother" (aged <20 years) approached significance (OR = 2.21, 95 percent CI 0.92-5.31; p < 0.078). Results for diabetes suggested no association with anencephaly (OR = 1.24, 95 percent CI 0.25-6.17), but study precision was low (there were only two cases with diabetic mothers). "Hispanic mother" was the only study variable that was significantly associated with spina bifida in multivariate analysis. In the analysis of anencephaly, two variables that were significant in crude analysis became nonsignificant in multivariate analysis (table 4) . For the lower maternal educational level (<12 years), the crude odds ratio was 2.56 (95 percent CI 1.08-6.13) and the adjusted odds ratio, with all eight variables included in the model, was 1.35 (95 percent CI 0.60-3.02). The unadjusted odds ratio for late or no prenatal care was 2.16 (95 percent CI 1.09-4.28), but the multivariate odds ratio was only 1.30 (95 percent CI 0.54-3.16).
When a reduced-model (four-variable) logistic regression analysis was performed separately for males and females with each defect, some interesting findings emerged (table 6) . Having a Hispanic mother was highly associated with anencephaly, but only in males (OR = 5.46, 95 percent CI 1.50-19.96). For spina bifida, risk among Hispanics appeared to be attributed largely to females (OR = 5.87, 95 percent CI 1.28-27.04). A mother's previous pregnancy termination seemed to be a risk factor for either anencephaly (OR = 3.23, 95 percent CI 1.33-7.81) or spina bifida (OR = 3.82, 95 percent CI 1.05-13.95) in females, but not in males. Teenaged mothers were apparently three times more likely to deliver an anencephalic male, but the odds ratio was not quite significant (OR = 3.00, 95 percent CI 0.93-9.68). There was little or no association between young maternal age and anencephaly in females, or for spina bifida in either sex. However, the smaller numbers and low precision resulting from stratification by sex was reflected in wide confidence intervals.
DISCUSSION
In crude analysis, having a Hispanic parent was a risk factor for both anencephaly and spina bifida, regardless of how "Hispanic" was defined (white Spanish-surnamed mother or father; both parents white Spanish-surnamed; or self-stated Hispanic mother who was Mexican). The 2.5-fold or greater Hispanic risk was not explained by the birthplace of a Hispanic mother, in that Mexico-born and Texasborn Hispanic mothers appeared equally likely to deliver a fetus or infant with an NTD. This suggests that in this Hispanic population of mostly Mexican extraction, NTDs are at least partially genetically determined.
This elevated relative risk (Hispanic vs. nonHispanic) was at least twofold higher than that found in other studies with Hispanic and non-Hispanic study populations (3-6, 8, 9) . The association between either defect and Hispanic ethnicity was not explained by appreciable confounding from other factors that included maternal age and educational level. Furthermore, the crude finding for the Hispanic mother variable probably did not result from differences in Hispanic classification between cases and controls (differential misclassification bias due to ascertainment differences; see "Materials and Methods"), because there were virtually no changes made among The increasing availability of NTD screening, prenatal diagnosis, and elective pregnancy termination in more recent years provides some explanation for the higher relative risk found in the current study, because differential utilization of these services could affect the recorded or apparent prevalences at birth for different groups. The possibility of greater rates of screening, diagnosis, and NTD-related terminations among non-Hispanics should be addressed in any future studies of Hispanics and NTDs.
Unless the outcome of every pregnancy is studied, the issue of ethnic differences in NTD risk is somewhat clouded in an era of screening, prenatal diagnosis, and elective abortion. This is a major limitation of our study and other studies that examine ethnicity as a risk factor for NTDs and other prenatally diagnosed birth defects.
Statistical interaction between the Hispanic mother variable and infant's sex was interesting, and it might indicate some genetic basis. In both stratified and multivariate analysis, Hispanic mothers were at greater risk of delivering an anencephalic male. For spina bifida, the opposite pattern was observed: Hispanic mothers appeared more likely to deliver an affected female. These results are not consistent with those of the only other Southwestern United States study in which prevalence data were presented and relative risks could be estimated for every combination of Hispanic origin and sex of offspring (3) . In this Texas study from the first half of the 1980s, the increased risk for Hispanics relative to non-Hispanics was similar for both sexes of fetus or infant. However, the current findings are consistent with a Brooklyn study conducted 20 years ago (9) in which a similar interaction pattern was observed between sex and the Hispanic (Puerto Rican) status of the mother.
In crude analysis, women with late or no prenatal care were more than twice as likely to deliver an anencephalic infant than were women who initiated prenatal care within the first 6 months of pregnancy. Sever and Strassburg (7) found no association between prenatal care level and NTDs in Los Angeles County during the mid-1970s, prior to alpha-fetoprotein screening. Therefore, results from the current study are a departure from those of the only previously published report that examined prenatal care in a study population with a significant proportion of Hispanics.
In stratified analysis, there was effect modification for anencephaly between Hispanic origin and prenatal care initiation. Late/no prenatal care was associated with anencephaly if the mother was non-Hispanic, but not if she was Hispanic. Similarly, early prenatal care seemed "protective" for non-Hispanics but not for Hispanics. Furthermore, the association between Hispanic mother and anencephaly was strong if prenatal care was initiated in the first two trimesters, but not for late/no prenatal care. When Hispanics obtain prenatal care early enough to be screened for and diagnosed with fetal anencephaly, they may be less likely than non-Hispanics to terminate a pregnancy. Therefore, early prenatal care may not affect the occurrence of anencephaly in Hispanics to the degree that it does in non-Hispanics. Note that prenatal care level was not examined specifically as an etiologic factor in this study. Instead, as an "indicator" variable, it was used as an indirect measure of attitudes about, access to, and utilization of prenatal diagnosis and pregnancy termination services.
This finding could be explained by an association between elective abortion and ethnicity. The issue is complicated by the possibility of reduced access to elective abortion for NTD-affected pregnancies among women of lower socioeconomic levels (as evidenced by a diminished relative risk among Hispanics after adjustment for SES). In addition, Hispanics may be less likely than non-Hispanics to utilize these services because of cultural and religious differences (e.g., a higher prevalence of Catholicism). Among non-Hispanics, then, one would expect a higher recorded prevalence at birth (i.e., a greater apparent risk) with late or no prenatal care in comparison with those having earlier care. Women with earlier prenatal care would have greater access to maternal alpha-fetoprotein screening, ultrasound detection, and therapeutic abortion services. This was confirmed by a French team of investigators over a 7-year period ending in 1990 (24) . For lethal defects such as anencephaly, there was an increase over time in the percentage of cases seen among pregnancy terminations.
Differential misclassification bias may have been introduced for the prenatal care variable, because this variable was edited for cases but not for controls. We noted some discrepancies for month of prenatal care initiation among some of our NTD cases, and misclassification of this factor has been noted in national vital statistics (25) . Therefore, modification of the Hispanic mother variable by the timing of first prenatal care should be examined more closely for cases and controls in any future analytic studies or birth defect surveillance systems. For example, investigators should pay particular attention to the practice of a health care provider's classifying a pregnancy test as the first prenatal care visit.
Adjustment for SES reduced the odds ratio for Hispanic mothers. For anencephaly, partial confounding was apparent with either mother's educational attainment or hospital of delivery (public vs. private). The important point here is that the odds ratios for Hispanic mothers remained elevated, even after adjustment for SES.
A previous pregnancy termination was a risk factor for anencephaly, independently from seven other variables in the model. A woman who had previously experienced a pregnancy termination for any reason was 2.5 times more likely to deliver an infant or fetus with anencephaly. Although "previous pregnancy termination" is not a sensitive indicator of "previous pregnancy affected by an NTD," it is logically consistent with findings in Los Angeles County during the 1970s, in which a previous fetal death was a risk factor for anencephaly in multivariate analysis that controlled for Hispanic origin (6) .
From sex-specific multivariate analysis of anencephaly, it was suggested that a previous pregnancy termination places only female infants at risk. This was an interesting finding that might have a genetic basis. However, it is an imprecise estimate (as evidenced by a wide confidence interval) that may also be data-generated. There was no a priori plan to perform multivariate analysis for each sex specifically. Another possibility is differential misclassification of reproductive history variables, because verification and editing of exposure information occurred for cases but not for controls. Future research should examine the possibility of there being a true sex difference in anencephaly risk posed by a previous pregnancy termination.
As was the case with anencephaly, Hispanic mothers were at greater risk of delivering an infant or fetus with spina bifida. Regardless of how Hispanic ethnicity was classified, elevated odds ratios were observed, and Mexico-born Hispanic mothers experienced a risk similar to that of Texas-born Hispanic mothers. Diabetes could not be examined for a relation with spina bifida, because there were no diabetic mothers among the 32 cases of spina bifida.
For spina bifida, adjustment for SES strengthened the Hispanic association. This was opposite of the pattern observed with anencephaly. After adjustment for education, the odds ratio for a Hispanic mother increased from 2.60 to 3.63. Although it was not a dramatic change, this masking of the association between Hispanic mother and spina bifida cannot be' explained. However, with adjustment for hospital (public vs. private), the increase in the odds ratio was less pronounced.
In logistic regression analysis of spina bifida, Hispanic mother was the only study factor for which elevated risk was demonstrated in the full model. What was interesting was that after simultaneous adjustment for seven other extraneous variables, "Hispanic mother" emerged as an even stronger risk factor for spina bifida, with an odds ratio of nearly 4.0.
Several issues that were not addressed in this study but that should be examined in any future study of spina bifida are the spinal cord level of the lesion; whether the defect is isolated or nonisolated (i.e., present with other defects); and inclusion of closed spina bifida defects (11, 26, 27) . In the latter example, spina bifida lesions that are covered with skin might go unrecognized and unrecorded at the time of birth and therefore be excluded from any NTD study that is based on recognition before or at birth. In the current study, inclusion of these cases might have provided important etiologic information about spina bifida (e.g., diabetes or Hispanic mother). However, this type of spina bifida makes up a relatively small percentage (20 percent) of the total number of cases (28) .
There are several explanations for the observed higher risk among Hispanics that are consistent with our data. Hispanics may have a genetic predisposition to NTDs, or they may be less likely to miscarry early in pregnancy as a result of a fetal NTD. Perhaps certain Hispanic groups are more likely to be exposed to an NTD-causing teratogen or its active metabolite. Additionally, a combination of these factors could interplay to increase Hispanic risk.
Hispanic mothers are less likely to seek early prenatal care (29) and thus to benefit from NTD screening and prenatal diagnosis. They might also be less likely to access or utilize elective abortion services to terminate an NTD-affected pregnancy. Alternatively, perhaps Hispanics are less likely to miscarry an affected fetus. Any of these factors would prolong fetal survival and increase the recorded NTD prevalence at birth among Hispanics, resulting in a greater apparent risk for Hispanics and a lower risk for non-Hispanics.
Another important factor is folic acid, shown to prevent 50 percent of occurrent cases and 70 percent of recurrent cases when provided as a vitamin supplement to pregnant women (30, 31) . Since interviews and dietary questionnaires were not utilized, this important nutritional variable was not addressed in this study. Perhaps there are ethnic differences in the dietary or supplemental intake of folic acid. In addition, given similar folic acid intake, there may be ethnic differences in the bioavailability of folic acid. This could arise from differences in metabolism or in dietary or environmental inhibitors of folic acid. It is noteworthy that folacin levels in the blood have been shown to be lower in Mexican women of childbearing age than in non-Hispanic whites (32, 33) . In a recent study using the Finnish congenital malformations registry, no relation was demonstrated between maternal serum folate and NTD risk (34) .
The etiologic heterogeneity of different NTDs is not surprising and has been substantiated by numerous other investigators (11, 26, 27, 35) . We saw several examples in our study. In crude analysis, late prenatal care appeared to place infants at risk for anencephaly but not for spina bifida. A previous pregnancy termination (of any kind) and young maternal age were risk factors for anencephaly but not for spina bifida. Opposite patterns of statistical interaction were observed for anencephaly and spina bifida with respect to Hispanic mother and infant sex. A Hispanic mother's risk was modified by the timing of first prenatal care, but only for anencephaly. The association between Hispanic mother and anencephaly was weakened somewhat by consideration of SES and inclusion of other variables in the model. In contrast, the Hispanic-spina bifida association was strengthened by controlling for SES and these same factors.
Some etiologic differences between anencephaly and spina bifida might have resulted from "detection bias." Prenatally diagnosed anencephalics may be more likely than spina bifida cases to be missed, because of elective termination. Another possibility is that anencephalic embryos or fetuses, because they are incompatible with Life, are more commonly miscarried than those with spina bifida. Thus, potentially useful information on these missed cases would be lost.
Sex differences were demonstrated in relative risks for several variables that included Hispanic origin, and these differences were observed for both defects. In the future, investigators conducting etiologic studies that have a sufficient number of cases should perform analyses for each sex separately. This should clarify whether the results reported here were biased or due to more than just chance.
With respect to the question of diabetes and its independent and combined effect on NTDs, the main problem we encountered was one of precision. Diabetes was confirmed in only two mothers who delivered anencephalic infants. None of the infants born with spina bifida had diabetic mothers. Another potential problem may have arisen from nondifferential misclassification (a similar extent of misclassification or underidentification of diabetes in cases and controls), which would probably weaken any observed relation. Furthermore, differential misclassification may have occurred, since diabetes status was verifiable by medical records only for cases, not for controls. Finally, women with insulin-dependent diabetes are probably more likely to have early prenatal care and access to prenatal diagnosis, with a greater Likelihood of terminating an affected pregnancy.
Because diabetes is more prevalent in Hispanics (L4, 15) and NTDs are more prevalent in Hispanics at birth, the relation between the Hispanic and diabetes variables must be addressed in future research. This would require either 1) a prospective analytic approach in which a large number of pregnancies were followed or 2) a case-control study with a much larger number of diabetics among both Hispanic and non-Hispanic cases, plus verification through medical records of diabetes status and type. An active birth defects surveillance system or registry would be ideal for resolving this issue. Optimally, one would want to separate insulin-dependent and non-insulin-dependent (lateonset) diabetes, since they are associated with different relative risks for NTDs that vary from 3 to 20 (12) (13) (14) 35) . To fully examine the late-onset type of diabetes as a risk factor in Hispanics (who may not develop the symptoms of disease until after bearing a child or delivering an NTD-affected fetus or infant), perhaps a surrogate "pre-onset" marker such as prepregnancy body mass index or blood sugar could be utilized. One recently published study suggested that extremely obese women are at greater risk for delivering infants with NTDs (particularly spina bifida), after adjusting for age, race/ethnicity, educational level, and family income (36) .
This study had many strengths. First, it appears to be the first published study to have focused on Hispanic NTD risk specifically and to have evaluated "Hispanic mother" and diabetes as both independent and combined risk factors. Only two other published studies used multivariate analysis that included Hispanic ethnicity in the model (6, 9) ; to our knowledge, this is the first to be published from an urban center outside the East or West Coast of the United States. It is particularly timely to have data from a large, ethnically diverse county in Texas, in light of a recent cluster report from a Texas county bordering Mexico (10) . Also advantageous was the fact that the analytic portion of the study included most or all prevalent cases, because they were ascertained from both vital records and medical records.
The major drawback of this case-control study was that exposure information on controls could not be verified from medical records and certificates, as it was for cases. This could have led to differential misclassification bias for certain variables in the case "group that lacked information or seemed prone to error (month of prenatal care initiation and reproductive history). With this type of bias, the true relative risk for a particular study factor is difficult to predict accurately. However, on the basis of observation of cases, we conclude that differential misclassification was unlikely to have occurred for the Hispanic designation.
If there had been more cases in each racial/ethnic group, it would have been desirable to perform multivariate analyses for Hispanic ethnicity, using "Anglo" instead of "non-Hispanic" as the referent group. Also useful would be a separate analysis of Hispanics using African-Americans as the referent group. This would allow better adjustment for SES, a study factor that may confound results to a similar extent in African-Americans and Hispanics.
To fully address the issue of NTD risk among Hispanics, future analytic studies should have sizeable Hispanic and non-Hispanic populations and a sufficient number of cases to examine most or all of the following variables in the same model: Hispanic origin and national origin, the extent of Native American or Indian extraction, folic acid intake or folacin blood levels, maternal diabetes, sex of offspring, SES, and initiation of prenatal care. Exposure or risk factor information should be collected carefully and in a similar manner for cases and controls. To the extent possible, earlier fetal cases resulting from prenatal diagnosis and pregnancy termination should be included. Best suited for this type of research are birth defect surveillance systems or registries in states or regions where Hispanics are most likely to reside.
